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® Mothoo and apparatus for storing "Dont Care" In a content 



addressable memory cell. 



@ A oontam addressable memory call is able to store a state representing "OonM Care-, by storing two bits of 
data. The Don't Care" state is indicated by stonng two identical bits corresponding to a predetermined value 
so that ttie cell indicates a match regardless of the match data. When the cell is not in the "Don t Care" stale' 
two complementary bits are stored, so that the cell indicates a match only when the match dale matches the 
state of the first of the two bits. 
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CROSS^EFERENCE TO RELATED APPUCATIONS 
Montoye, -Content AddressaftJe Memory Cell", filed July 16. 1992. 
5 BACKGROUND OF 7WE INVEWTION 

1. Reldotthe Invention 

This invention relates to content addressAbiA mnmnrw ^ii.. 
,0 memory c... Which can «o4?::r?apr^^^ * 

2. Oescripiion of ths Related Art 
Content addressable memories (Cams) cnmpare a search word wiih a sai oi 

A CAM Includes an array ol memory cells arranged in a matrix of rows and column, c,«u 
stores a single bit of digital infomirtion. The bits «or,d In a Z ot m^o^.^lTn? . """^ 
word. During a match operation, a .oarch word ot inp "data Is aoD^ 0^^^.! ' """^ 

me Tiip-nop hae two states: n one state the stanal •'a*' i« KtAh .p.^ ^ «fiu cwig. 

signal -b" Is alw.y. the complement of ^ BrfineJei «d II Je connecte^»T " 
access gatos. hora shown aa transistors 103 .n^ Tda a ^ r » "ho storage cell 101 via 

...^ ^ r,czr~ :rr rrr r„r 
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discontinuous ranges require multiple search words. 

-r, tpecifying -Dont Care" In the search word is to be distinguished from spocifyino 

Don t Care m the stored daia. When "Oon't Care' is specified m the search word, a storage cell win 
. «" its stored bit. On the other hand, when 'Don't Care" is stored in 

« the stored data, the cell will indicate a match regardless of the stste of the match data. Although it is known 

in the art to speafy "Don't Care" in the match data, conventional CAM design does not have the capability 

to speafy 'Don't Care- in the stored data. This technique is usehil in applications where multiple 

discontinuous ranges of words are to be specified. 

>o SUMMARY OF THE INVEMTION 

In accordance with the present invention, there is provided a content addressable memory cell which is 
capable of storing a 'Don't Care" state in which a match will be indiealed regardless of the state of the 

match data. 

IS This is achieved by providing two storage cells within each CAI^ cell. The two storage cells store two 
bits, permitting a total of four states: -O', 'I'. 'Don't Care", and a fourth state which may be left unused or 
may indicate -Invalid'. The match logic of the CAM is connected to the two storage ceils so that wt>en the 
CAM IS in the 'Oon t Care' stale, a maich will be indicated regardless of the metch data. 

The features and advantages described in the specification are not allinciusive, and particularly many 
addibonal features and advantages will be apparent to one of ordinary skill In the art in view ot the drawings 
specification, and claims hereof. Moreover, it should be noted thai the language used in the spedficallon 
has been principally selected for readability and instructional purposes, end may not have been selected to 
delineate or circumscribe the invenOve subject matter, resort to the claims being necesseiv to determine 
such Inventive subject matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 ie a diagram of a content addressable memory (CAM) cell, including match logic, according to 
the pnor an. 

Figure 2 is a diagram of a flip-flop storage cell according to the prior art. 
Figure 3 Is a diagram of the CAM cell of the present invention, which is capable of storing 'Don't Care" 
Figure 4 Is a diagram of an aliamatlve embodiment of the Invention, wherein the CAM cell has match 
Imas indapandant of the bit lines. 

3S DESCRIPTION OF THE PREFERRED EMBODIMENT 

F^ures 3 and 4 depicl two preferred embodiments of the present Invention lor purposes of illustration 
onh,. One skilled in the art «ill readily recognize from the following discussion that alternative embodiments 
the «n.ctures and methods illustrated herein may be employed without deparlino from the principles of 
<o the invention descnbed herein. ^ 

Referring now to Figure 3. there .s shown a diagram of a preferred embodiment of the current invention 
Two storage cells. 301 and 302. are used. Storage cell 301 atores one bit and produce, ,wo siBr«ls "al" 
' , .'^J""^ "='""P"""«"«* "C" ««her. while storage cell 302 stores a second bit and pr«Juces 
signals aZ end b2 . wh.ch are complamanu ol each other. There are two sets of bit lines: Bit lines BL, 

*5 and BL, are connacted to storage cell 301 via access transistors 303 and 304. while bit lines BL, and BU 
are connected to storage cell 302 v,a access uensisiprs 305 and 306. The word l.ne W i, connected to the 
ga e terminaJs ol all (our access transistors. The match logic 102 is connected to bit lines BL. and BL- As 
m the prior art. the match logic 102 has an output MV. which indicates the presence of a match. 

Each ot the signals "al" ana -aZ" can be high or low. yielding (our possible states for the CAM cell 

so One possible interpretation ol the (our slates is given in the following table. 
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Low 


Low 
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Low 


High 
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High 


Low 
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High 


High 


Unused or Invalid 
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Th© -0' and "i* states, where tfie storage celts store complementary biis. correspond to the two states 
of a conventional CAM as described above. The "Dont Care* sraio, where the storage cells both store 
■Low", is used when It Is necessary for the CAM to Indicate a match repandless of the match data. The 
fourth state, where the storage cells both store •High", may be toft unused, or it may be used to indicate an 
8 invalid bit of data. 

H is important to note that the above table only shows one possible interpretation of the states of the 
CAM; other intDrpreutions, such as one In which Highmigh indicates "Don*! Care* and Lx>w/Low indicates 
"Invalid", are also possible. 

In the embodiment of the invention shown in Figure 3. the read/write function operates in osseniially ihe 

»o same manner as In Ihe prior art, except that two sets of bit lines are used. In particular, ihe write function 
requires the input value to be asserted on BLi (to be written into cell 301) and Its complement to be 
assened on BU <lo be written into cell 302). When a -Don't Care* is to be written into the CAM cell, both 
BLi and BU ane pulled low. The read function requires that both BLi and BUz be examined, in order to 
detemilne whether the CAM ceil contains a valid bit ("O" or "1"). a "Don't Care* or if applicable an 

ts "Invalid" bit. 

To perform Ihe match function, all four access transistors. 303. 304. 305. and 306, are deactivated. The 
match data is asserted on line BU. end hs complement is placed on BL,. H the stale of Bl^ matches ihe 
state of the CAM cell, the MV signai will float if there is no match. MV will be pulled low. For example 
suppose we wish to check if the state of the cell Is "1". A high signal is placed on the BU line and a low 

30 signal placed on BU. If the CAM cell's state is "1", then "al" will be high and 'aS- will be low (ses the 
table above). Therefore, transistor I02b will be on (because "el" is high), transistor I02a will be off 
(because BU is low), transistor 102d will be off (because "aZ" is low), and transistor i02c will be off 
(because its source terminal is floating). Thus. MV will float, indicating a match. If the CAfvi cell's state is 
"0", then "al" will be low and 'a2" will be high. Then, transistors 102b and 102a will be off end transistors 

« 102d and 102c will be on (because bolh BU and "aS" are high). Thus. MV will be pulled low indicatina no 
match- 

If the CAM cell's State is "Don't Care", then both "al" and "a2" will be low. Then, transistors i02b and 
102d will both be off. causing the source temrtinale of transistors 102a and I02c to float. Therefore no 
matter what signal Is supplied on BU and BU. MV v«II float As a result, when the cell is In the "Don»t 

30 Care* state, it will always respond with a match. 

W the CAM cell is in the fourth state, both "al" and "a2" will be high. Than, transistors 102b and I02d 
will berth be on, causing ihe source terminals of transistors I02a and 102c- to be pulled low. Therefore 
whenever one of the lines BL, or BU is assened. MV will be pulled low. indicating no match As a result' 
when the CAM cell Is In this fourth state, it will never respond to match when complementary signals are 

J6 suDpljod on BLi and BU. Ak mentioned above, this state could be used to indicate an invalid bit of data. 

Referring now to Rgure 4. there is shown an aliernativo embodimom ol the invention. Here ihe match 
criteria bHs are provided along match lines ML and ML rather than on 8U and BL, This embodiment 
Includes the .nvontion described in a U.S. Patent Application filed July 16, 1992 by Montoye for a "Content 
Addressable Memory Cell.- In this embodiment, match data may be asserted on the match linos without 

40 interfering with read/write operations on the same cell or other colls in me same row. This embodiment 
permits a match operation to be perfonned in Ihe same clock cycle as a read/writa operation as described 
in that application. 

From the above description, it will be apparent that the invention disclosed herein provides a novel and 
advantageous apparatus for storing -Don't Care" m a content addressable memory cell The foregoing 

*s discussion discloses and describes merely exemplary methods and embodiments of the present invention 
As will be understood by those famihar wtth the an. the invention may be embodied in other specific lorms 
without departing from Ihe spirit or essential characteristics thoreol. For example, diflerent forms of iho 
storage cells, access gales, or match log.c may be used in place o( those described in the above 
descnption and corresponding diagrams Also. Ihe designations "High" and 'Low", as well os "r- and "0" 

it) may bo transposed. Accordingly, the disclosure of Ihe present invonlion is intended to Oe illustranve. but 
not limiting, of the scope of tne invention, which is sot forth in the following claims 



Claims 

55 1 



A content addressable memory cell including a storage portion having ar least two terminals lor storing 
two bits of data and for generating a signal on each ol the terminals, the firs! signal corresponding to 
the first oit and the second signal corresponding to ihe second bit. choraclerized In thai the memory 
cell operates in a lirst state in which the (wo bits are complementary, end in a second stat© m which 
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J.'^w"'"''""*^ """^ »»• »"1 in « third state In 

^^irf • '•"'•""""B "t**"'' Ca-*-: in fal . roximgfwMne dreui. is 

1 '"^"^ '"•^'"O «>i'» frO"* «n«l wrlilng data Ma to tha 

ST^.'l K II!!L' """^ ' '"P"' «««P«i«fl ""'tch data, and two 

t^JPJ^ ••ch connect«l to a corrawonding terminal of tha suxaga portion, and an output for 

r.finV.'s^nri.r.^r:''' "^"^ '''' — « - - 

^ .Itu^^*'"! T""? 'haractarlred in that the .torage ponion 

corrosponding 10 ono o( the torminals of tt» stoTOBB portion. «minai 

^ i!IS,«?r„'H h"^"''"^'^ '^"""'^ ^haractoriwd in mat .ho match dotecmr 

further .nclud»s a wcond match input for accapting a complamont of Iho match data. 

*■ i^rXl,'!^!'"'^? '"""T «^"«=«««H«d in tt,a raading/writino circui, 

lirr. H ' T7'"^ •'^'"^ • i« """BCted to the" « 

n^l^Tl r, ' '"'^ " •"'1 Writing to tha 

, .3 con,«ctod to tha second accaa, olement and to the second match input, and has a 

^^oTomLTLfT ° 'Z "k""' •=""• » """"^ '"PP'Ving a 

complemon! of tho match data to ihe second match input 

' 2°me?inTuid'^'^?fi'r.?'* """T f " '" in that the first accea, 

element Includea a firat access transistor having a aource terminal eonnactad lo the temiinal of the first 

and In'.ht'.hAr,^'''' 'T'"' « "nnectei i JoTd l e 

and In rtat the aecond access alemant includea a aecond access transistor having a source terminal 
connected o the terminal of the second atoraga cell, a drain terminal connected to'the s^cLnd^MnT 
and a gats terminal connected lo the word line. 

lncIi^rrf«T**""r'"K 7°"""^ *" 5- characterized in that the firs, storage cell 

Includes a first 'nvorter having an Input, and an output connected to the terminal of tha f.rsf atoraoe ceH 

conn' ^^I th'"""': -".'"P"* « f>« 0"tP"' Of the first inverter, and I'ou"!, 

I J^ZT . ^'^ '^^ "-^"""^ 'tO'"^ includes a third invena 

rnve^l h.T ' cell and aTourtn 

inroirirrnr;"""""'''^ " ^' - -p- * - - 

The content addressable memory cell according lo claim 6, charaaerized in .hat (So match detector 

«,^nd r.„ll^ H ■ ' ^°nn«»=«»<^ '° malch valid hne; .n tha. . 

second transistor has a gate lerm.nal connected to .he terminal of .he r.rsl storage cell a source 

lar^orTt::.', ':rr- ^ '° .-rin^ro, 

r/rl nT; V ^ ' """"''^ «he second b„ hne. a source 

ar^l,!;^,! 'J;*" '•;7'"»';°nn""«^ '° the match valid line: and ,n that a fourth transismr has a 
ort^ndTrl T T , ^ cell, a source term.nal connected lo 

ground, and a dra.n lerminal connected lo the source terminal of the third transistor. 

2'cuit inlri^^rr"."*"" ""T" """''"^ t^-t the reading/.rit.ng 

arcuit includes a f.rst access element lor selectively accessing the first slorogo cell ana second access 
element for seloclively accessing the second storage cell: In that a first bit hne is conneciad In the l.rs. 
access element lor reading from ana writing to the first storage cell; in that a second bit line is 
connocted to the second access element lor reading from ana writing to the second storage cell. 

"f*';'"P" """"°'y «" -ccordlng ,o claim 8, characterized In that a first match line Is 
connected to the first ma«h .nout lor supplying the match aeta to the firs, matcn -npui: and In tha. a 
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liir."?^ «ldre«able memory cqII according to claim 8. eharactorized in that the Bral aooeae 
• am«nt meludas a firaf accoas iranalsior having a soorce terminsl connociad lo the terminal of the first 
fit ""J* • 1 !L" •» bit line, and a gate terminal connects lo a .vord 

riii."? . "^"""^ • tranaiator having a aource 

tenrunal eonne«ed to the tenninal of the aeond storage cell, a drain terminal oonnecled to me aeeond 
bit one. and a gate terminal connected to the word lirw. 

The content addressable memory call according to claim 10. characterized in that the firw atorage cell 
include, a first invener having an input and an output connected to the terminal of the first atorage cell 
and indudes a second inverter having an input connected to the output of the first inverter and arl 
ou*ut connected to the input of the first inverter, and in that the aeeond atorage cell includes a third 
inverter hav^g an Input and an output connected to ihe terminal of the second storage cell and 

!II!^!l!!f - . connected to the output of the third inverter an omput 

connected to the input of the third inverter. 

1Z The content addressable memory cell according to claim 11. characterized in that the match detector 
includes a match valid line provided tor signaling a match: in that a first transistor has a gate terminal 
connected to the first match line, a source terminal, end a drain terminal connected to the match valid 
line; In that a second- transistor has a gate rermlnal connected to the terminal of the first storage cell e 
source terminal connected to ground, and a drain terminal connected to the source terminal of the first 
ttanslsior: In that a third transistor has a gate larminal connected to the second match line, a source 
terminal, and a drain terminal connected to the match valid line: and in that a fourth translator haa a 

IZ.T!!^ TT" ^'^'^^ • '"""'""I connected to 

ground, and a dram terminal connected to ihe source terminal of the third transistor. 

^JT*?"** of cnecking for matches in a content addressable memory cell including a "DonH Care- 
operating state. Characterized in that match data i. provided; two bits of data are read from the memory 

tt t^o bl!s of daT " "'^ ""'^^ » 

14. *";«'^*j af cording to claim 13 of storing d;.l, in a conten, addressable memory cell Including a 
Dont Care operating state and having <ir,t and second storage cells, characterized in that a bit 

ITITTJ::' V "r*"-""'"-'^ - ^=-<^ "« t^-* "»«9e can if the -Don-t Care- itaits to 
be asserted, and otherwise storing a first b.i ol data In the first storage cell; and in that a bit 
corresponding to the prede.erm.ned state is stored in a second storage coll If the 'Don't Care" stale Is 
ceS ' "'^ bit ol data' in the 
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